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Introduction
Transition metal complexes containing a Lewis basic ligand site that works together with a Lewis acidic metal center to cleave chemical bonds is commonly known as metal-ligand cooperation. In recent years, several groups have isolated and characterized reactive transition metal species that highlight the utility and importance of this design principle for applications in small molecule activation and catalysis.
[1] In particular, PNN pincer ligand systems incorporating a functionalized pyridine ring in the central ligating position are active catalysts for a variety of chemical transformations (Scheme 1).
[2] Active catalysts are generally prepared and/or isolated by deprotonation with a bulky external base, which dearomatizes the methylpyridyl fragment of the pincer ligand. With reactions involving alcohols, a key proposed step is O-H splitting to generate a neutral alkoxide complex with subsequent rearomatization of the heterocycle.
[3] Other systems replacing the phosphine ligand arm with an N-heterocyclic carbene have also been reported. [4] Understanding the mechanism of metal-ligand cooperative O-H splitting, especially with water, is relevant to renewable energy applications and the environment. [5] In 2009, Milstein and co-workers reported a novel series of reactions in which a structurally characterized RuH(OH)(PNN)(CO) pincer complex can split water into H 2 and O 2 in two discrete steps using only heat and light (PNN=2-(di-tert-butylphosphinomethyl-6-diethylaminomethyl)pyridine).
[6] This is a first step forward in designing well-defined systems that can catalytically generate H 2 and O 2 in a clean, atom-efficient manner. Ideally, suitable catalyst candidates for water splitting do not contain oxidizable donor atoms such as phosphines that might readily react with H 2 O [7] or O 2 [8] (2H 2 O  2H 2 + O 2 ; E rxn = -1.23 V vs. SHE). Although the standard oxidation potential of pyridine is +1.6 V (versus 1 M Ag/AgNO 3 ), [9] pyridine-containing chelates are widely used for the catalytic oxidation of H 2 O to O 2 by using a sacrificial reductant.
[10] Furthermore, research into the oxidation of N-heterocyclic carbenes (NHCs) is limited, with a few known examples involving free NHCs [11] and some NHC ligands bound to Cu [12] and Rh [13] capable of being oxidized in the presence of O 2 . In our efforts to design a phosphine-free cooperative metal-ligand system that could be suitable for water splitting, we present a carbene-centered NCN pincer ligand platform that undergoes regioselective, intramolecular C-H/O-H proton exchange at room temperature by aromatization/dearomatization of the two outer pyridine rings. This is facilitated by a coordinated tert-butoxide ion, demonstrating that the bulky alkoxide base plays an important role in the coordination sphere of the metal by acting as an "intraligand" proton shuttle, which has not been previously observed in other metal-ligand cooperative systems. A rare dearomatized ruthenium tert-butoxide complex has been spectroscopically and structurally characterized, while NMR kinetic studies and DFT calculations strongly support the proposed proton shuttle mechanism. A phosphine trapping experiment further validates our mechanistic proposal, allowing us to structurally characterize the first example of a neutral, doubly dearomatized Ru-NCN pincer complex. Initial experiments show that the alkoxo-amido complex reacts with water to form a dearomatized ruthenium hydroxide complex, a first step towards designing new metal-ligand cooperative systems for water splitting.
Results and Discussion
The synthesis begins by preparing the imidazolium salt 1,3-di(2-methylpyridyl)-4,5-diphenylimidazolium bromide (1, Scheme 2) in two steps using commercially available reagents.
[14] Next, 1 is reacted with silver oxide in the presence of activated 3 Å molecular sieves to generate the silver carbene transfer agent 2 in good yield. It is important to note the yield of 2 is low and/or inconsistent if 3 Å molecular sieves are omitted or insufficiently dried. Water released during the reaction with silver oxide deactivates the imidazolium salt and dry solvent in combination with activated molecular sieves must be used. The monosubstituted carbene configuration of 2, as opposed to being a bis(carbene) silver salt, [15] was confirmed by elemental analysis. Installation of the NCN pincer ligand onto ruthenium was achieved by transmetalation from 2 using [RuCl 2 (NBD)] n (NBD = bicyclo[2.2.1]hepta-2,5-diene), followed by salt metathesis using sodium or potassium hexafluorophosphate to obtain the tris-acetonitrile complex [Ru (NCN ). The syntheses of 2-5 are performed under air and moisture free conditions, but the final products are conveniently stable in air/moisture. Using a suite of 1D and 2D NMR spectroscopic techniques, complexes 1-5 were fully characterized in solution. In particular, 4 and 5 exhibit characteristic 1 H NOESY signals, as indicated in Scheme 2. The molecular structures of 1 and 3 have also been obtained by single crystal X-ray diffraction (see the Supporting Information). [16] Scheme 2. Synthesis of compounds 1-5. (i) Ag2O, CHCl3, 3 Å sieves, 89%; (ii) [RuCl2(NBD)]n, CH3CN/CHCl3, 60 °C, then MPF6 (M = Na, K), 60%; (iii) t Bu2bpy, (CH3)2CO, reflux, 89%; (iv) KBr, (CH3)2SO, 110 °C, 89%. NBD = bicyclo[2.2.1]hepta-2,5-diene, t Bu2bpy = 4,4'-di-tert-butyl-2,2'-dipyridyl, THF = tetrahydrofuran.
Next, complex 5 was reacted with potassium tertbutoxide under an argon atmosphere to determine if deprotonation at the methylene position was possible, resulting in dearomatization of the pyridine ring. The addition of two equivalents potassium tert-butoxide to a suspension of deep red-orange 5 in THF generates a deep maroon-purple solution in high yield (95%) that is sensitive to air and moisture. Crystals suitable for X-ray diffraction revealed the compound to be the neutral, dearomatized, alkoxo-amido complex Ru(O t Bu)(NCN*)( t Bu 2 bpy) (6, Scheme 3 and Figure 1) . [17] Similar to 5, complex 6 is also deeply colored, possessing broad and intense absorbance signals at 487 nm (ε = 7000 M ). The molecular structure of 6 has some notable features. A tert-butoxide ligand occupies the apical position, possessing an unusually long Ru-O bond length of 2.111(2) Å.
[18] Tert-butoxide bound ruthenium complexes are rare and have only been structurally characterized in distorted tetrahedral complexes containing one or more phosphine ligands.
[18] One of the methylene protons has indeed been deprotonated, leading to dearomatization of the pyridine moiety and shortening of bonds C22-C23 (1.377(4) Å), C24-25 (1.348(4) Å), and C26-27 (1.357(4) Å) (Figure 1 ). Finally, there is a strong interaction between the oxygen atom and a methylene hydrogen (O1•••H16A = 2.341 Å), situated about 0.4 Å closer together than the sum of their Van der Waals radii. H ROESY experiment confirms that the crosspeaks in phase with the diagonal were indeed due to chemical exchange (see the Supporting Information). The observed twosite chemical exchange is due to regioselective C-H/O-H hydrogen transfer, where the tert-butoxide ligand acts as a proton shuttle between both sides of the pincer ligand (Scheme 4). The absence of an EXSY cross peak for the CH 2 doublet at 6.47 ppm suggests that this is the proton undergoing intramolecular exchange (Scheme 4, red H atom). This process could occur through a doubly deprotonated/dearomatized intermediate 7, which we were unable to observe at elevated temperatures. [19] Instead, a phosphine trapping experiment and DFT calculations were performed (vide infra).
We conducted variable temperature (VT) 1 H NMR spectroscopy in THF-d 8 (0 -50 °C) and observed selective broadening of protons on the pincer ligand while all the signals on t Bu 2 bpy remained sharp (see the Supporting Information). VT-NMR experiments of the crude reaction mixture in THF-d 8 , which contains free tert-butanol and potassium tert-butoxide, reveals nearly identical proton chemical shifts and peak broadening behavior when compared to a pure sample of 6, suggesting that proton transfer is intramolecular. To support the presence of doubly deprotonated intermediate 7, we performed a phosphine trapping experiment either by addition of PPh 3 to 6, or addition of PPh 3 to 5 with excess base (Scheme 4). A new deep orange compound forms with a characteristic 31 P NMR singlet at 59.5 ppm and a vinylic 1 H NMR singlet at 4.53 ppm. NMR spectroscopic and X-ray crystallographic characterization [20] unambiguously confirm that this complex is indeed the doubly deprotonated/dearomatized [21] complex Ru(NCN**)( t Bu 2 bpy)(PPh3) (8, Figure 2 ). According to the NMR spectroscopic data, 8 is C s symmetric in solution, however the molecular structure reveals that one of the pincer arms is tilted significantly out of plane with respect to the N-heterocyclic carbene, with a dihedral angle of C1A-N2A-C22A-C23A=-23.46° (Figure 2 ). The bond lengths of each pincer ligand arm of 8 resemble that of the monodearomatized portion of 6. Double deprotonation of related Re, [22] Rh, [23] Pd/Pt, [24] and Ni [25] PNP pincer systems with a central 2,6-dimethylpyridyl moiety have been described elsewhere; to the best of our knowledge, this is the first reported pincer complex that contains two independently dearomatized pyridine rings.
The regiospecific chemical exchange of 6 was modeled using dynamic NMR (DNMR) simulations ( Figure 5 ). The CH 2 protons and CH proton on the pincer ligand system, attached to carbons C16 and C22 (Figure 1 ), were modeled as a two-site ABCBAC mutual exchange system using the DNMR3 [26] simulation package. [27] Excellent line fitting was achieved, allowing us to use the rate constants to obtain activation parameters by Eyring plot analysis (Table 1 ; see the Supporting Information). The small entropy contribution (ΔS ‡ = -1.5 ± 1.7 cal mol
), is consistent with this being an intramolecular chemical exchange process.
[28]
Figure 2. Molecular structure of 8 with ellipsoids at the 30% probability level. Only one of the two crystallographically independent complexes is shown. Hydrogen atoms have been omitted for clarity. Distances (Å) and angles (°): Ru1A-P1A=2.3187(14), Ru1A-C1A=1.966(7), Ru1A-N3A=2.121(5), Ru1A-N4A=2.131(5), Ru1A-N5A=2.104(4), Ru1A-N6A=2.155(6), C16A-C17A=1.366(10), C22A-C23A=1.348(10), N5A-Ru1A-N6A=76.58 (19) , N3A-Ru1A-C1A=90.3(2), N4A-RuA-C1A=87.1(2), C1A-N1A-C16A-C17A=-3.98, C1A-N2A-C22A-C23A=-23.46.
Density Functional Theory (DFT) calculations [29] were performed to determine if the observed energy barriers between 6 and the proposed doubly dearomatized complex 7 corresponded with our experimental observations. We chose to use the M06-L [30] DFT functional combined with the TZVP [31] /TZVPFit basis sets on all atoms (except QZVP [32] for Ru) since accurate thermochemical parameters were recently obtained for other organometallic reactions. [33] Ground state structures for the alkoxide (6) and doubly dearomatized alcohol adduct (7) were found, along with a transition state structure (TS6,7) ( Figure 4 ). The calculated ground state free energy of 7 is 11.5 kcal mol -1 higher in energy than 6, close to that of TS6,7 (ΔG 298 ‡ = 15.7 kcal mol -1 , see the Supporting Information). When 6 is exposed to water, the deep maroon-purple solution turns deep maroon-orange, replacing the tert-butoxide moiety with hydroxide to generate the compound Ru(OH)(NCN*)(6 of tert-butanol for hydroxide is not stereoselective, whereas with other pincer systems D 2 O splitting only deuterates one ligand site. [6a] Scheme 5. Reaction of 6 with H2O or D2O.
Conclusions
The dearomatized complexes 6 and 9 exhibit unprecedented intramolecular proton transfer behavior. This exchange may also be operative in other pincertype systems where alkoxide bases, alcohols, or water are employed. VT-NMR data, DNMR simulations, phosphine trapping experiments, and DFT calculations of the proton shuttle mechanism of 6 are all are in excellent agreement with one another. The deeply colored nature of these compounds is encouraging for future use in photochemical reactions. We believe that compounds 6 and 9 are promising entry points into well-defined systems capable of water splitting, which our lab is currently investigating.
Experimental Section
All reactions containing silver or ruthenium reagents were carried out in an argon atmosphere (5.0 grade, ultra high purity) using standard Schlenk and glove box techniques using air and moisture free solvents/reagents unless otherwise stated. Di-μ-chloro-(η 4 -bicyclo[2.2.1]hepta-2,5-diene)ruthenium(II) polymer was synthesized according to known literature procedures. [34] Potassium tert-butoxide (sublimed) and triphenylphospshine were purchased from Aldrich and stored in an argon-filled glove box. Alumina (activated, neutral, Brockmann I) was purchased from Aldrich and used as received. Silver(I) oxide was purchased from Aldrich and stored in an argon-filled glove box protected from light. Dichloromethane and acetonitrile were refluxed over calcium hydride, distilled, and stored under argon. Acetone was refluxed over phosphorus pentoxide, distilled, and stored under argon. Air and moisture free dimethylsulfoxide was purchased from Aldrich and stored under argon. Pentane was refluxed over Na/benzophenone, distilled, and stored under argon. Tetrahydrofuran was refluxed over sodium/benzophenone, distilled, and stored under argon with activated 3 Å molecular sieves (20% w/v). Toluene was refluxed over sodium, distilled, and stored under argon. Degassed H 2 O/D 2 O was prepared by pouring distilled/deionized water (or D 2 O purchased from Cambridge Isotope Laboratories) into a Schlenk flask, applying high vacuum for about one minute, and then sonicating for 5 minutes to remove dissolved gases. The vacuum/sonication steps were repeated twice more after which the vessel was filled with argon. Molecular sieves (3 Å ) were activated by heating at 300 °C under high vacuum for 2-3 days and were stored in an argon-filled glove box. Acetonitrile-d 3 and chloroform-d were purchased from Cambridge Isotope Laboratories and used as received. Tetrahydrofuran-d 8 and toluene-d 8 were purchased in individually packaged ampoules from Aldrich and dried in an argon-filled glove box over activated 3 Å molecular sieves (20% w/v). All other solvents/reagents were used as received without further purification. NMR spectra with compound numbering schemes, X-ray crystal structure and refinement data for 1, 3, 6, 8, and DFT Cartesian coordinates, are provided in the Supporting Information. All NMR spectroscopic data were collected using an Agilent DD2 500 MHz spectrometer with an Agilent HC 5-mm XSens cryogenically-cooled probe (500 MHz for C NMR samples were referenced to their respective residual solvent peaks [35] and data was collected at 298 K unless stated otherwise. Coupling constant J values are given in Hz. Spectral data was processed using MNova 9.0. Variable temperature 1 H NMR analysis of 6 was collected at spectrometer frequency of 600 MHZ between 0 °C and 50 °C. The probe temperature was calibrated using a 100% ethylene glycol standard [36] in a flame sealed NMR tube supplied by Cambridge Iso-tope Laboratories. VT airflow was set to 10 L/min and deviation from from desired temperatures was no more than 0.25 °C. Dynamic NMR simulations were performed using the DNMR3 [26] utility in Spinworks 4.0.3. [27] The protons in 6 labelled as H3 b (A), H28 (B), and H3 a (C) were modeled as an ABC↔BAC spin system with J(A,B) = 0 Hz and J(A,C) = J(B,C) = 13.2 Hz. Simulations were modelled at 600 MHz with a spectral window of 9615 Hz, lowest frequency of -2321.8 Hz, and 65536 points. Rate constants k were obtained by systematic trial and error, modifying rate constant (k) and relaxation (T 2 ) parameters at until a best fit was achieved for each experimental NMR spectrum at a given temperature.
UV-vis spectra were recorded on a Hewlett-Packard Agilent 8453 UV-vis spectrophotometer. Elemental analyses were performed on a Perkin-Elmer 2400 or LECO TruSpec Micro CHN elemental analyzer. Single-crystal X-ray diffraction data were collected at 150 K using a Nonius Kappa-CCD diffractometer with Mo Kα radiation (λ = 0.71073 Å ). The CCD data were integrated and scaled using the Denzo-SMN package. [37] The structures were solved and refined using SHELXTL V6.1. [38] Refinement was by full-matrix least-squares on F 2 using all data. X-ray structure and refinement data are provided in the Supporting Information.
All DFT calculations were performed using Gaussian 09 (Revision B.01 or D.01). The M06-L [30] density functional with the TZVP [31] (also known as def-TZVP) basis set with TZVPFit density fitting basis set for C, H, N, O atoms was used and QZVP [32] (also known as def2-QZVP) basis set was used for Ru. Normal convergence criteria were used for all optimizations and a pruned (99,590) integration grid was used throughout (grid=ultrafine). Optimizations were performed in tetrahydrofuran solvent using the integral equation formalism polarizable continuum model (IEF-PCM) [39] with radii and non-electrostatic terms from the SMD [40] solvation model (scrf=smd). Full vibrational and thermochemical analyses (1 atm, 298 K) were performed on optimized structures to obtain solvent-corrected free energies (G°s olv ) and enthalpies (H°s olv ). Optimized ground states were found to have zero imaginary frequencies while transition states had exactly one imaginary frequency. Three-dimensional visualizations of calculated structures were generated by ChemCraft.
[41]
1-(2-methylpyridyl)-4,5-diphenylimidazole. This procedure has been adapted from a synthetic protocol for a similar compound. [42] 4,5-diphenylimidazole (31.6 mmol, 6.97 g), 2-(bromomethyl)pyridine hydrobromide (31.6 mmol, 8.00 g), KOH (127 mmol, 7.1 g), and a Teflon coated stir bar were added to a round bottom flask, followed addition of tetrahydrofuran (250 mL). The solution was refluxed for 2 days. The solvent was removed, followed by addition of dichloromethane (200 mL), and then the solution was washed with water (2 x 200 mL) in a separatory funnel. The organic layer was dried with MgSO 4 , filtered, and solvent was removed. The solid was redissolved in tetrahydrofuran (about 20 mL) and pentane was added (600 mL) to precipitate a white solid. The product was collected on a medium-pore glass frit, washed with pentane (30 mL), and dried under high vacuum (8.61 g, 87% 1,3-di(2-methylpyridyl)-4,5-diphenylimidazolium bromide (1). 1-(2-methylpyridyl) -4,5-diphenylimidazole (27.6 mmol, 8.61 g), 2-(bromomethyl)pyridine hydrobromide (27.6 mmol, 6.99 g), NaHCO 3 (55 mmol, 4.6 g), and a Teflon-coated stir bar were added to a round bottom flask, followed by addition of MeCN (600 mL). The solution was refluxed for 2 days. The deep red solution was dried and redissolved in 50 mL dichloromethane. The solids were filtered off and the filtrate was collected and dried under high vacuum. About 600 mL tetrahydrofuran was added and the suspension was stirred vigorously for several hours until the lumpy solid became a fine powder. The solid was isolated on a medium-pore glass frit, washed with tetrahydrofuran (30 mL), pentane (30 mL), and dried under vacuum to afford a pale tan-pink powder (9.42 g, 70%). Crystals suitable for X-ray diffraction were grown via bi-layer diffusion (diethyl ether/acetonitrile 
Ag(NCN)Br (2).
Compound 1 (18.6 mmol, 9.00 g) and a Teflon coated stir bar were added to a Schlenk flask and placed under an inert atmosphere. Under argon, Ag 2 O (9.31 mmol, 2.16 g) and activated 3 Å molecular sieves (10 g) were added, followed by dichloromethane (120 mL). The solution was vigorously stirred in the dark for 4 hours at room temperature. In air, about 250 mL chloroform was added to the solution, stirred for 15 minutes, then filtered through a pad of Celite. The Celite pad was washed with dichloromethane (20 mL) and then the solvent was removed from the brown solution. The residue was redissolved in 50 mL chloroform and about 600 mL diethyl ether was added to precipitate the product from the vigorously stirred solution. The solid was isolated on a medium-pore glass frit, washed with diethyl ether (20 mL), and dried under high vacuum to obtain a pale tan-pink solid (9.79 g, 89%). The hygroscopic product is air and moisture stable. EA: Found: C 53.93, H 3.68 N 9.39. Calc. for C 27 H 22 N 4 AgBr•(CHCl3) 0.1 : C 54.05, H 3.70, N 9.30%. After multiple EA results from independent batches of product, carbon was consistently 1% lower than expected, leading us to conclude that about 10% CHCl3 remains with the product. 
[Ru(NCN)(NCCH3)3][PF6]2 (3). Ruthenium(II) dichloride norbornadiene polymer ([RuCl
(NBD)] n , 10.2 mmol, 2.68 g), 2 (10.2 mmol, 6.00 g), and a Teflon coated stir bar were added to a Schlenk flask and placed under an inert atmosphere. Chloroform (80 mL) and acetonitrile (80 mL) were added and the solution was stirred for 24 h at 60 °C. The solution was cooled to room temperature and MPF 6 was added (20.3 mmol, 2 equiv. with respect to Ru, M = Na or K). The solution was stirred for 1 h at room temperature. In air, the solution was filtered through a pad of Celite which was washed with acetonitrile until the outgoing liquid was colourless. The yellow-orange solution was dried, and then 1,2-dimethoxyethane (500 mL) was added. This solution was vigorously stirred for several hours until a fine powder formed. The solid was collected on a medium-pore glass frit, washed with pentane (20 mL) and dried under high vacuum to afford a pale tan powder (5.58 g, 60%). The product is air and moisture stable. Crystals suitable for X-ray diffraction were grown via bi-layer diffusion (diethyl ether/acetonitrile). The labile acetonitrile ligand trans to the N-heterocyclic carbene begins exchanging with deuterated acetonitrile when the sample is dissolved for NMR analysis. EA: Found: C 43.88, H 3.74, N 11.10. Calc. for C 33 
Bu2bpy)(NCCH3)][PF6]2 (4).
Complex 3 (2.18 mmol, 2.00 g), 4,4'-di-tert-butyl-2,2'-bipyridine (3.27 mmol, 0.876 g), and a Teflon coated stir bar were added to a Schlenk flask and placed under an inert atmosphere. Acetone (15 mL) was added and the solution was refluxed for 2 hours, after which the dark orange solution was cooled to room temperature. In air, diethyl ether (80 mL) was added to the solution and a bright orange precipitate formed. This was stirred vigorously for a few hours until it became a fine orange powder. The solid was isolated on a medium-pore glass frit, washed with diethyl ether (20 mL), and dried under high vacuum (2.14 g, 89%). The product is air and moisture stable. EA: Found: C 51. 16 , and a Teflon coated stir bar were added to a Schlenk flask and placed under an inert atmosphere. Dimethyl sulfoxide (10 mL) was added and the deep orange solution was heated at 110 °C for 2 hours. In air, the solvent was removed by vacuum distillation at 100 °C. The deep red-orange residue was washed with dichloromethane (10 mL) and dried with heat and high vacuum to remove more dimethyl sulfoxide. The solid was redissolved in acetonitrile (50 mL) and the salts were filtered off with a medium pore glass frit. The salts were washed with acetonitrile until the outgoing liquid was colourless. The deep red-orange solution was concentrated, passed through a short path alumina column (acetonitrile), and the leading red-orange fraction was collected. After solvent removal, the residue was redissolved in about 15 mL acetonitrile and precipitated by adding diethyl ether (500 mL) while vigorously stirring to afford a red-orange powder. The product was isolated on a medium-pore glass frit and dried under high vacuum (1.61 g, 89%). The product is air and moisture stable. , and a Teflon coated stir bar are combined in a vial inside an argon-filled glove box. Tetrahydrofuran (2 mL) was added and the solution immediately turned deep maroon-orange and was stirred for 2 hours at room temperature. After 2 hours, the deep maroon-purple solution was dried under high vacuum and redissolved in toluene (2 mL). The solution was filtered through a pad of Celite and dried. Trituration with pentane and drying under high vacuum afforded deep maroon-purple solid 6 (80 mg, 95%). Crystallization by slow vapour diffusion of pentane into a concentrated toluene solution yields deep purple-black crystals (71%), which were suitable for X-ray diffraction. Compound 6 is freely soluble in toluene, tetrahydrofuran, diethyl ether, and partly soluble in pentane. Due to the highly sensitive nature of 6, a powder or crystalline sample did not yield satisfactory elemental analysis data after several attempts, despite being pure by NMR spectroscopy. 
Ru(NCN**)(PPh3)( t Bu2bpy) (8).
Compound 6 (0.040 mmol, 40 mg), PPh 3 , (0.040 mmol, 11 mg), KO t Bu (0.12 mmol), 14 mg), and a Teflon coated stir bar are combined in a vial inside an argon-filled glove box. Tetrahydrofuran (3 mL) was added and the solution was stirred overnight at room temperature. The deep red-orange solution was dried under high vacuum and redissolved in toluene (3 mL), then filtered through a pad of Celite and dried. The solid was washed and suspended by vigorously stirring with hexane (3 mL), collected on a medium-pore glass frit, and dried under high vacuum (30 mg, 73%). Crystals suitable for X-ray diffraction were grown by slow vapour diffusion of pentane into a concentrated toluene solution. 
Ru(OH)(NCN*)(
t Bu2bpy) (9). Compound 6 (0.019 mmol, 16 mg) was placed into an NMR tube and then dissolved in THF-d 8 . The tube was sealed with a tight fitting rubber septum, which was then wrapped with Parafilm-M. The NMR tube was removed from the glove box and distilled/degassed H 2 O (0.50 L, 0.028 mmol) was injected with a microsyringe. Shaking the tube for a few seconds allowed the droplet deposited at the top to dissolve into the solution below. The solution was heated at 40 °C for 5 minutes, changing from deep maroon-purple to deep maroon-orange in color and was immediately analyzed by NMR spectroscopy (0 °C). The same procedure was used when reacted with D 2 O (0.50 L, 0.025 mmol). Proton Pincer Ping-Pong: New phosphine-free Ru-NCN pincer complexes have been synthesized. The dearomatized alkoxide/hydroxide analogues undergo unprecedented regioselective, intramolecular C-H/O-H bond activation with tert-butanol or water at 25 °C, as shown by NMR experiments and DFT calculations. goodness-of-fit on F 2 0.977 
